Reliable efficiency calculation of high-subsonic and transonic compressor stages requires a detailed and accurate prediction of the flow field within these stages. Despite the tremendous progress in turbomachinery computational fluid mechanics, the compressor designer still uses different loss correlations to estimate the total pressure losses and thus the efficiency of the compressor stage. A new loss model is presented in this article. Special attention is paid to the shock and profile losses, since they contribute significantly to the total pressure loss balance, specifically for transonic compressor stages. A new shock loss model is presented that calculates the shock position and the shock total pressure losses. The available experimental data were used to establish new loss correlations that account for experimental findings.
INTRODUCTION
The development in the field of turbomachinery computational fluid dynamics (CFD) has reached an advanced level that allows a detailed calculation of the complex three-dimensional viscous flow through a compressor stage using Navier-Stokes codes. Recent case studies presented at the 1994 IGTI-Conference displayed the capability of different CFD methods to calculate various flow quantities in detail. However, the efficiency and loss calculations revealed a significant discrepancy between the experiment and numerical calculation. To predict the compressor stage efficiency accurately, the compressor designer often uses loss correlations that reflect different loss mechanisms within the compressor stage flow field. In the early fifties, Lieblein and his co-workers [1953 Lieblein and his co-workers [ , 1954 Lieblein and his co-workers [ , 1956 Lieblein and his co-workers [ , 1957 Lieblein and his co-workers [ , 1959 conducted fundamental research in compressor cascade and stage aerodynamics. Their research work, NASA-Report SP-36 [1965] , is a guideline for compressor designers. Miller and Hartmann [1958] , Miller et al. [1961] , and Schwenk et al. [1957] initiated their fundamental research on transonic compressors, where they primarily investigated the shock losses. Gostelow et al. [1968] , Gostelow [1971] , Seylor and Smith 1967 ], Seylor and [1967] , Gostelow and Krabacher [1967] , Krabacher and Gostelow [1967a,b] focused their experimental research on single stage high Mach number compressor stages. Their comprehensive experimental research includes the performance evaluation of several rotors. Monsarrat et al. [1969] performed similar investigations on single stage high Mach number compressor stages. Koch and Smith [1976] presented a method for calculating the design point efficiency potential of a multi-stage compressor. Schobeiri [1987] investigated the individual loss mechanisms that occur in an advanced compressor stage. He developed a new shock loss model, introduced a modified diffusion factor, and re-evaluated the significant experimental data published by NASA (see previous references). Recent investigations by K6nig et al. [1994a,b] Equating Eq. (11) and (13) 
The solution of Eq. (14) Swan's [1961] found their application in compressor design. Similar to Schwenk [1957] , the methods by Levine, Balzer, and Swan include the assumption of a normal shock. While Levine (7) shows the shock situation with the inlet flow angle [3, the metal angle t (camber angle), and the incidence angle i. To determine the shock position we use the continuity equation, the Prandtl-Meyer expansion, and the momentum equation. For the control volume in Fig. (7) , the continuity requirement for a uniform flow is:
91 VlSlsin[3-9, V S, cos h- (41) with h and h, as the height of the stream tube at the inlet and at the shock position. Using the gas dynamics relationships, Eq. (41) is written as: 
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The incidence and expansion angle are coupled by:
where v is determined from the Prandtl-Meyer expansion law: 
where Pb and Pa represent the total pressure before and after the shock. For [3 30 and the incidence angle 0 , the above equation system is used to calculate the shock Mach number, the expansion angle 0, the shock position 7, the total pressure ratio, and the shock losses. increasing the spacing ratio causes the shock Mach number to continuously increase and approach an asymptotic value. These results are similar to those presented by Levine [1957] . However, the values are different because of :the simplifications by Levine. Keeping the inlet Mach number constant, the increase of spacing ratio leads to higher expansion angle 0 as shown in Fig. (9) . However, increasing the inlet Mach number at a constant spacing ratio S/R leads to a smaller expansion angle. The same tendency can be read from the charts by Levine. For an inlet Mach number M 1.2 and S/R 0.5, the Levine's method gives an expansion angle 0 8 , while the method presented in this paper calculates 0 9.5 .
As indicated previously, this difference is due to the simplified assumptions by Levine. Figure (10) shows the shock angle 7 as a function of spacing ratio S/R. This figure shows the significant effect of the inlet Mach number on the shock position. Finally, Fig. (11) shows the total pressure ratio Pa/Pb as a function of spacing ratio S/R with inlet Mach number as parameter. As shown in Fig. 11 , reducing the spacing ratio S/R < 1. causes for inlet Mach numbers M > 1.4 substantial reduction in total pressure ratio. For M1 < 1.4 this tendency is reversed, resulting in higher total pressure ratios. Economic and environmental factors are creating ever greater pressures for the efficient generation, transmission and use of energy. Materials developments are crucial to progress in all these areas: to innovation in design; to extending lifetime and maintenance intervals; and to successful operation in more demanding environments. Drawing together the broad community with interests in these areas, Energy Materials addresses materials needs in future energy generation, transmission, utilisation, conservation and storage. The journal covers thermal generation and gas turbines; renewable power (wind, wave, tidal, hydro, solar and geothermal); fuel cells (low and high temperature); materials issues relevant to biomass and biotechnology; nuclear power generation (fission and fusion); hydrogen generation and storage in the context of the 'hydrogen economy'; and the transmission and storage of the energy produced. As well as publishing high-quality peer-reviewed research, Energy Materials promotes discussion of issues common to all sectors, through commissioned reviews and commentaries. The journal includes coverage of energy economics and policy, and broader social issues, since the political and legislative context influence research and investment decisions. 
